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AN INVESTIGATIONOFA THERMAL.ICE—EREVXNTIONSYSTEMFCIRA CARGO
AIRPLANE+VIII.-METALLURGICALRUMINATIONOFTHXW32W

WING4?JEE STRUCTUREMTER 225HOURSOFELIW
OPERATIONOFTHETEERMALSYSTEM.

ByMaxwellHarrisendBernardA. Schlaff.

As e partofa comprehensiveinvestigationofa the-l ice-
preventIonsystemfora largecsrgoairplane,a Mttiurgical
exeminationofthematerialusedinthefabricationofthesyst.em
hasbeenmadeafter225hoursofactualflMt 03@rationofthe
heatinginstallation.

SpecimensofKLclad24S4Tslum!inumalloysheettakenfromthe
thermalsystemwereexsminedfortheextentof corrosionandfor
changesintensilestrengthas a resultofagingofthealuminum
alloyby theelevatedtem~ra+ares.Theexsminatioriindicatedonly
minorcorrosionandno inq?dt’mentoftensilestrength.In the
sectionofthesystemwheretheheatedairentered,therewasa
markedincreaseinyieldstrengthaccompaniedby a decreasein
elongation.A slightgainihultimatestrengthwasalsonotedat
theheated+irentrance.

Microphotogra@sofsectionsofAlclad24ST aluminumalloy
takenfra thewingsystemarepresentedshowingtheextentof
corrosionandtheeffectof
thealloy.

Burlngthedevelopment

temperatureonthemicrostructureof

INTROIXJCTION

ofthermalice-preventionsystemsfor
airplanes%y theNACAjcertainproblemsworeencounteredwhichworo
consideredtobe ofa sewdary natureinimportanceend,therefore,
theirinvestigationwasdeferred.onesuchproblemisthePsslblo
deleteriouseffectstotheairplanestruqtur~introduc~dby the
circulationoffree-streemairat elevatedtemperaturesthroughthe
heatingsystem.
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A considerationofthepossibledetrimentalconsequences
attendingthecirculationoffree-streamairat elevatedtem~%
aturesindicatedthat(1) portionsoftheinternalstructuremi~t
be impiredin strengthor resistanceto corrosionby artificial
agingat theelevatedtemperatures,and(2)corrosivemediamight
be inductedwiththefree-streamairanddepositedinwinginterior%!.

,

,

Withregardtotheartificialagingofaluminumalloys,cor+
siderablelaboratoryresearchhasbeenconductedontheeffectsof
reheatingaluminumalloyswhichhavepreviouslybeenheat-treated
tothedesiredcommercialconditicm.Thetestsdescribedin
reference1 indicatethatthereisno appreciablechangeinthe
strengthcharacterleticsorcorrosionresistanceofAlclad24S4
aluminumalloyastheresultofagingfor20hoursattemperatures
notexceeding3000F. In thecaseofbare24S-Taluminumalloy,
however,thesusceptibilityto intercrystallinecorrosionis
definitelyincreasedby heatingtotemperaturesover212°F.
(Seereference2.) Reference3 isinagreementwithreference1
withrespecttothestrengthcharacteristicsofAlclad2@-T when
thematerialisagedfor10hoursat temperaturesnotexceeding.
300°F.

.

Thepossibilityofcorrosionisalwayspresentinaircraft
structuresandthispossibilityassumesgreaterimportancewhen
thecorrosionresistanceofthestructuremayhavebeenreduced
by overheating.Theprobabilityofcorrosionisincreasedinthe
caseofIiwingincorporatinga thermalice-preventionsystemwith
free+treamairas theheat-transfermediumbecauseofthecorro-
~ivemediawhichmaybe inductedintothewinginterior.In sucha
systemthefree-streamair,containingsupercooledwaterdropsand
possiblysnow,~sses througha heatexchangerlocatedintheengine
exhaus~asstreamendthencirculatesthroughthewinginterior.

Thepassageofthishot,moistairoversurfacesofAlclad
24SWTwouldnotbe expectedto causeappreciablecorrosionwere
itnotZ’orthefactthatcondensationmayoccurandthatthe
condensationinvariablycontainsdissolvedsubstances.Cloud
dropsusuallycontaindissolvedoxygenaloqgwithothersubstances
commonto cmtainregions(e.g.,chloridesfra seawater).Tho
waterresultingfromcondensationactsasan electrolyte,allowing
galvanicaction,whichisespeciallydifficultto combatinsuch
a ccsnploxstructureasan alrpl.anewing, If thereisanyleakage
of exhaustgasintothesystem,sul@ides,brcmidos,andcarbon-
atesmaybe introduced.,Theacidswhichmayresultfrcmthe
combinationoftheseradicalswiththecondensationarecorrosive
toaluminumalloys.

—

Thepurposeoftheinvestigationreportedhereinwastoexamine .
thestructuralmterlalof thethermalice-preventionsystmm,in-
stalledby theAmosAeronautloalLaboratoryipthewingsofa Curtiss-
WrlghtC-46airplae(fig.1),titer225hoursofoprationofthe .
systeminflight,todeterminewhetherthehightempmaturosexisting
hadproducedanydeleteriousagingeffectsonthealuminumalloy,and
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. alsotosearchforevidencesof corrosiveactionvhichcouldho
attributedtothethermalsystem.

Themetallurgicaloxeminatlonofthewingstructurewascon-
ductedat thoAmesAeronauticalLaboratoryincooperationwiththe
AirMqterielCommandoftheAqy AirForcesandistheeighthof
a scmicsofre~rtswhichdoscrlbea comprehensiveinvestigation
ofc practicalthcrmoli.ce-pr~ventionsys’tem.Thefirstseven
reportsoftheseriesareprescmtedas referencesk to 10.

SELECTIONOFSEECDJ!ENSANDTESTIROCEDURE

ThewingthermalsystemoftheC-4-6airpleneisdeGcribodin
detailinreference6 andtemperaturesofthestructuremeasured
duringoperationof thesystemarepm%entodinreferences7 and
10. ml ~hswi~ Stmctmal materialisAlclad2-T ~mnm
anoy”.Representativespecimensfortensiletestingnndmicr-
oscopicoxaminatlonwereremovedfrcm+Aeloftwingafterabout
225 hoursof-flightoperationof thethermalsystem.cThelocatiom
frcmwhichthespeeimeneweretakenareshowninfigure2. Tho
samplesformicroscopicexaminationweretekenframthebtiflo
plateat stations14,15,48,and104,fromthenoseribsat
stations11and22,andfromthenosecuterskinat station11.
Tensile.spocimonsworetakenfromthebaffleplatoat stations
16,19,20,21,45,47,49 102,108,md 109. Thestrf~were
cutfromtheboffleplateina directjonnormalto thedirection
ofrolling0? thclsheet.

ThepreparationofSSQIOSformicrooxemi~tionconsistedof
hend~hding thecrosssoctfononparaffinedFrenchEmorypapr
(numbersO thrcm@0000),lappingonbroadclothusin~“cellite”3s
theabras~ve.followdby a chamoislapusingjewelersrougeas
theabrasive.Thepolishedsampleswere double-etchdwithfitric
acid(ahot2>percentsolution)andKeller:setchaccordingto the
techniquesdescribedinreferences11end12. Microexemimtionand
micro~otographsweremadewitha BauschandLombtablemodelmicrc-
SCOP8Ut~liZ~~Ztcarbon+rcli@t SOUH?X3.

Thetensilespecimensweretilledto sizaaccordingtothe
A.S.T.M.standamides@ation=2 (asdescribedinreference13)
forsheetspecimens0.005i%chto 0.500inchinthickness,uei.ng
a 2-inch-gagelength.Eowever,inthecourseof prepexatton”ofthe
specimens,therewasa breakdownofthemillhGmachineandsomeof
thesampleswerennztilatedat &e reducedsection.Thisnecessltitod

, cuttingdownsaneofthespecimensat thereducedsectionto0.4-
inchwidth.Samplesat stations45,108,end109hadthestandard
widthofO.~ inch;whereassamplesat stations16,19,20,21, k7,. 49,and102wereremilledto providea reducedwidthof0.400inch.
ThGdataforthetensilestre8s-straincurveswereobtainedon a

—
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Southwark4berytensile
ofbeingreadtoO.OQO1
strengthswereobtained
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testingmachinewithan extenecxnetercapable
inchperinchofgagelength.Theyield
fromthestress-traincurvesat O.2-p3rcent

offsetandtheelongationof eachspecimenatfracturewasprocured
bymeasuringitsincreaseovertheoriginal2-inch-gagelengthto
thenearest0.010inch.

RESULTSANDDISCUSSION

Visualexaminationofthebaffleplaterevealedalightdeposit
ofsoilacccqaniedby anappearanceof ezightpin-pointcorrosion
as showninfigure3. Afterremovalofthesoil,the~sitive
presenceofcorrosionwasestablishedandisshowninfigureh. The
largeblacklunpsadherfngtotheeheet(seeninfig.3)wereide~
tifiedas particlesfroma syntheticsponge-rubbergasketwhichwas
locatedat theinboardend”ofthetransitionduct(stationO,
rig.2). Theheathaddisintegrateda portionofthegasketand
thehotairhadcarriedtheparticlesintotheductingwherethey
haddepositedandhardenedonthesurfaceofthebaffle plate.
Beneaththeseblacklumpsof syntheticrubbera severecorrosion
wasnoted.Examinationofa crosssectionofthebaffleplate,
indicatedbythelineA-Aonfigure3,revealeda markedpitting
ofthecladding,buta normalcore(fig.5}. Microexaminationof
a cross.sectionbeneathanotherparticleat station14shuweda
definiteattackofthecorealongthegrainboundaries(fig.6).
Thefactthatthesyatheticrubberparticlessetupintercrystal-
linecorrostonat station14endnotat station59maYbe attrib-
utedtotheprobablyhigherbaffle-platetemperatureat station14
andthusa greatersusceptibilityto intercrystallinecorrosion
at thatstat-ion.

A furtherextirpationofthecrosssectionofthebaffleplate
at stationlhrevealeda decidedlyagedcorestructure(fig.7).
Thereiaa heavyprecipitationat thegrainboundariesandwithin
thegrains.Longperiodsofheatinghavebeguna coalescenceof
theprecip~tatlonresultinginrelativelylargeroundedpmticles.
Thereisalsoa considerabledecreaseingraincontrast.Aluminum
alloysefiibitin&sucha structurearereportedinreference12
tobe quitesusce~ibl’eto intercrystallinecorrosion.

Microexaminationofthesectionof thewebof thenoserib
at station11 showsminuteamountsof Precipitationat thegrain
boundaries(fig.8),butitisnotbelievedthatanyexceselve
temperatureeffectsareindicated.References1, 3,and14
reportthatA.lclad24$YTmaybe agedartificiallywithoutdetri-
mentaleffect,providedthecorrectcombinationoftemperature
andtimeat theelevatedteqqmrat~eismaintained.

.
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Figures9 and10showthestructuresoftheleading+dgeouter-
skinstation11andinthewebof thenoseribstation22. These
microstructurearecomparabletothatofnozn!al24ST as reported
inreference11. Thehighesttempe~turerecordedat thenoserib
station22was2560F (reference7)butno temperaturedataare
availablefortheareaofthenoseskinat station1.1.

A sectionexaminationofthelmffleplateat station15 showed
a structureidenticalto thatoffigure7=whileexaminationof
baffle-platesectionsat stations~ andl@ showedstructures
similartofigures9 and10. Thisindicatesthattheoverheating
of thebaffleplateandattendantreductioninresistanceto cor-
rosiondidnotextbndtostation~.

Theresultsofthetensiletestsof thesectionstakenfrom
thebtifleplateatvariousstationsaregivenintableX. A
considerationofthesevaluesindicatesthat,at theareawhere
theheatedairwasat thehighesttemperature,thereisa substan-
tialincreaseinyieldstrengthoverthatnormallyobtainedwith
ro-temperature+gedAlclad2&T. Theelevatedternp?atureof
thestructu.einthatareahaaresultedinartificialagingof the
aluminumalloy.Accczqenyingthechangeinyieldstrengthisalso
a slightincreaseinultimatetensilestrengthanda“decreasein
elongation.Figure11 showsthetensiletestspcimensafter
fracture.Althoughtherehasbeensomesignificanceattachedto
thefracturecharacteristicsofagedtensilespecimensby some
investigators,theirregularityofthefractures,as shownin
figureI.1,precludesthePossibilityof obtaininganyconclusive
information.SuchanomalousfracturebehaviourMy be attributed,
inpart,toa point-to-pointmetallurgicaldifferenceinsome
specimensdueto thepoint-tc+pointtemperaturevariationsen-
counteredinthethermalice-preventionsystem.Fractureof the
specimensfromstations19,4.5,and108tookplaceoutsidethe
middlethirdofthegagelength,butit isfeltthestrengthand
elongationvaluesare representative,as theyareingoodagre-emcnt
withaccompanyingdata.

#

Itnaybe notedintableI thatfrcmstation16to21,a
distanceofonly5 inches,thereisa continuousdecreaseinyield
strengthandan attendantgaininelongation}approachingro~
temperaturevalues.Thisindicatesan effectivedifferentialin
temperature,evenover‘~isshortdistance,sulmtantiatinginvesti–
gations(reference3) ontheartificialagingofAlclad2@-T
whichhaverevealedthatina criticaltemperaturerangooffrom
300°F to 375°F smalldifferencesintem~raturemaycausequite
noticeablechangesinyieldstrength.Thevaluesobtainedforthe
ultimatetensilestrengthandyieldstrengthforthespecimens
fromstations45,47,49,lCr2,108,end109donotindicateany
markedtem~rature-agingeffectas theycomparecloselywiththe
figuresgiveninreference15. Thestress-straincurveforeach
specimenisshowninfigure12. Thisfigure showsclearlythe

.
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increasadultimateandyieldstrengthsof thespecimensfrcmstations
16 to21 resultingframartificialag@T. The@eld at 0.2-percent
offsetis indicatedby theshortinterceptlineat thekneeof each
curve.Essentially,themodulusofelasticityisthesameforall
curves,whichisnormalforroomAcmperatur~tensile tests of this
matorhl.

,

.

CONCLUSIONS

Thofollowingconclusionsarebaseduponthemicroscopicand
tensilotestexaminationof thewingstructuralmaterialaffected
by a thermalice-preventionsysteminstalledina C!-h6airplane:

1. Thoultimatoandyieldstrengthsof theAlclad24S-T
aluminumalloyccmrprisingthewing structurewere notreducedby
s@% duototheelevatedtemperaturesassociatedwiththe
operationofthesystem.In someinstancesthesestrengthswere
increased.as a-resultofartificialaging. -.

2. No corrosiveeffectswerenotedwhichcouldbe attributed
,

tothebasicprincipleofemployingfree-streamair(heatedby on
etiust~s-t~ir heatexchanger)as theheat-transfermediumin
em internalcirculatorysystem.

1

3* overhoatin~of theinternalstructurecanprodticein-
creaseds~s~~ptjbilit~to corrosion. .!

AmosAeronauticalLaboratory,
NationalAdvisoryCommittooforAeronautics,

EoffettFleid,Calif.,Feb.13,19&7.-
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TABLl!I.-RESULTSOFTENSIIXTESTSOFALCLAD24S-TS=CIMENS
T- ERC14THEBAIWLEIQ3TEOFTHXC-46AIRFLANE

WINGTHERMALU!E-ZREVZNTIOlfSYSI’IM

-

StatIon

16

19

20

21

45

k~

kg

102

108

log

Yield
strength,

[lb/sqin.,

59,500

58,200

55,600

54,600

43,000

43,400

44,700

44,400

44,600

k4s200

65,600

“65,600

65,000

65,000

62,500

62,500

62,500

62,500

63,500

63,600

ElongatIon
in2 inches
(percent)

6

7

8,5

10

16

16.5

17

16

17.5

18

9
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Figurel.-The O-46 airplaneequippedwith a thermalice-preventionsystem.
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E’igure 3.- Oorrosion and soil deposit on baffle plate between
stations 56 and 60. The large black spots are

particles from a synthetic sponge-rubbergasket.
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Figure 4.- Area of baffle plate Bhownin figure 3 after olean-
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ingwith acetone.
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Figure 5.- Orosa section of baffle-plate cladding and core
beneath the synthetic rubber particle at section

A-A, figure 3. Magnification, 200X;kelleris etch. Pitting
is severe but has not penetrated the oladding.

Figure 6.- ~ross section of baffle-plate cladding and core
at station 14, showingintercrystalline corrosion.

Magnification, 250X;Kellerts etch, and hot 25-peroent
solution of nitric acid.

.
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I’igure 7.- 8eotion showingcore structure of baffle plate at
station 14. ~agnification, 500X; double-etched

withhot25-peroentsolutionof nitrio aoid andKeller’s
etch. Precipitation is evident at andwithin the grain
bound=ies.

>

Figure8.-Seotionshowingoore structure of nose-rib webat
station 11. Magnification, 500X;double-etched

with hot 25-pereent solution of nitric acid andKeller’s etoh.
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F’igure9.-Sectionshowingcorestructureof leading-edge
outer skin at station 11. Ilagnifieation, 500X;

double-etched with hot 25-pereent solution of nitric acid
andKellerts etch.

.

.
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Figure 10.- Sectionshowingcorestructureof nose-ribweb
at station22.Magnification,500X;double-etched

withhot25-percentsolutionof nitricacidwithKeller’s etch.
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Figure 11.-

:
Alclad 245-T tensile specimens, taken from th~
baffle plate of the C-46 airplane wing thermal

system, after fracture.
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